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T h i s  repor t  presents  preliminary results of an experiment 
i-i 
CD 
di begun i n  October 1969 t o  evaluate  the  e f f e c t s  of  t h r u s t e r  exhaust 
products on surfaces  located downstream of a mercury electron-bomb- 
Y 
a r d m n t  ion  t h r u s t e r  (Kaufman thrus te r ) .  
t r e a t e d  t h e  condensation problem ana ly t i ca l ly  ( r e f s .  1 and 2 ) .  A t  t h a t  
Previous repor t s  have 
t i m e ,  neu t ra l  mercury flow resu l t ing  from t h r u s t e r  propel lant  in- 
e f f i c i ency  was f e l t  t o  be the  most probable contaminant mater ia l  t o  
be concerned with, Results of t h e  present experiment show tha t  more 
severe contarnination problems may resul t  from gr id  sput te r ing  under 
ce r t a in  conditions. Grid spu t t e r id  material, though it may be con- 
s iderably  smaller i n  magnitude than the neu t r a l  mrcury  flow, w i l l  
r ead i ly  adsorb and not  re-evaporate a t  the  normally expected space- 
c r a f t  temperatures, 
e l e c t r i c  propulsion spacecraf t  designer, and of pa r t i cu la r  interest  
i n  connection with a s o l a r  ce l l  contamination experiment t o  be con- 
ducted on t h e  SHZT I1 f l i g h t  t es t  o f  a Kaufman thrus te r  (ref. 3) .  
The problem is  of general  interebt  t o  t h e  
The experimental arrangement reported herein i s  shown i n  f igu re  1, 
The vacuum f a c i l i t y  is 7.6 m i n  diameter. 
tests is 1.5 rn diameter and uses 10 oxide cathodes ( re f .  4). The s o l a r  
The th rus t e r  used i n  t h e  
2 
panels used a r e  shown i n  f igu re  2 ard a re  similar t o  those t o  be 
used on the  SERT I1 f l i g h t  spacecraf t  shown i n  f igu re  3. 
A comparison of the  SERT I1 and present  e x p e r h n t  c r i t i c a l  
dimensions and t h r u s t e r  parameters i s  given below. 
Thruster  radius,  R, m 
Present SERT I1 
experiment 
0.75 0.075 
5.7 lL.1 Beam current  densi ty ,  A/m 2 
Neutral mercury e f f lux  r a t e ,  
atoms/cm2 sec 3 . 6 d 0 ’ ~  l. 8xl0I5 
Distance from t h r u s t e r  e x i t  t o  
experimental s o l a r  c e l l s ,  L, m 4.21 
L@ r a t i o  5.63 
Angle f r o m  t h r u s t e r  center- l ine t o  
s o l a r  c e l l  experiment, deg. 5? 
View f ac to r ;  r a t i o  of flux ar r iv ing  
a t  s o l a r  c e l l  t o  f l u x  leaving 
t h r u s t e r  ex i t  ,f /9 = F 0,019 
0.317 
4.23 
61 
0.025 
I n  the experiment, the  f lood  lamp u s e d t o  i l luminate  t h e  solar c e l l s  
was mounted s o  t h a t  t he  experimental c e l l s  and a c a l i b r a t i o n  c e l l  could 
be i l luminated a l te rna te ly .  The c a l i b r a t i o n  c e l l  was mounted on a 
ro t a t ab le  s h i e l d  in s ide  t h e  tank. The cal ibra%ion c e l l  thus could be 
1oca ted . in  f r o n t  of t he  experimental cells  t o  set t h e  lamp power, 
ro ta ted  out  of the way t o  check t h e  experimental c e l l  output, then 
t h e  s h i e l d  r e t r ac t ed  i n t o  the  window w e l l  t o  pro tec t  both t h e  quartz 
window and t h e  ca l ib ra t ion  c e l l  from contamination between readings, 
3 
The ca l ib ra t ion  c e l l  accounted f o r  any accumulation o f  sput te red  
coating on t h e  quartz  viewing por t .  
surface temperature and surface res i s tance  were monitored through- 
out t h e  experiment Surface PasisLance was a l so  measured a f t e r  t h e  
r u n s ,  with t h e  s o l a r  c e l l s  removed from the tank, 
times f o r  the t e s t s  were 15 t o  30 hours each, 
Short  c i r c u i t  c e l l  current ,  c e l l  
Cumulative running 
Previous repor t s  (refs, 1 and 2 )  i nd ica t e  t h a t  a t  the loca t ion  
chosen f o r  t h e  c e l l s ,  they should b e  w e l l  out of t h e  way of  t h e  primary 
i o n  beam. However, they are subjec t  t o  the a r r i v a l  o f  s t r a y  primary ions,  
charge exchange ions,  neut ra l  mercury atoms (present  due t o  t h r u s t e r  
i n e f f i c i e n c i e s ) ,  and sput tered acce lera tor  g r id  mater ia l  t h a t  arises 
because of charge exchange ion  erosion of  t h e  g r i d  ( r e f ,  5 ) .  
The ca lcu la ted  n e i t r a l  mercury a r r i v a l  r a t e  a t  t he  c e l l s  i s  
s u f f i c i e n t l y  low so  t h a t  a t  t h e  operat ing c e l l  temperatures of  from 
O°C t o  2 9 C  during t h e  experiments, no neu t r a l  mercury condensation 
was expected. I n  t h e  experiments, however, c e l l  output degraded by 
50 percent i n  about 1 2  hours. Surface res i s tance  measurements made 
during and a f t e r  t h e  tests a l so  confirmed t h a t  some mater ia l  was 
a r r iv ing  a t  t h e  c e l l  surfaces  a d  s t icking.  The coating was r ead i ly  
removed and the s e l l s  res tored t o  t h e i r  o r i g i n a l  output by simply 
wiping them with a c lo th  dinped i n  d i l u t e  n i t r i c  acid. 
analysks q u a l i t a t i v e l y  i d e n t i f i e d  t h e  following meta l l ic  cons t i tuents  i n  
t h e  coating: Fe, C r ,  N i ,  S i ,  Mo, Cu, Sn, Pb, and t r a c e  T i ,  Zn, All these  
Spectrographic 
mater ia ls  a r e  iddn t i f i ab le  with t h r u s t e r  components. I n  pa r t i cu la r  it i s  
noted t h a t  the  acce lera tor  g r id  is made of s t a i n l e s s  steel, 
The c e l l  coating thickness,  as  estimated from compring with 
surface r e s i s t i v i t y  changes f o r  p a r t i c u l a r  elements (e,g., ref e 6)  
indica tes  a coating thickness  of poss ib ly  1 0  t o  30 monolayers, 
corresponding t o  a deposit ion r a t e  of about 1 t o  2* monolayers p e r  
houre Similar ly ,  a comparison of t h e  a t tenuat ion  of l i g h t  transmission 
through th in  meta l l ic  f i l m s  ( r e f ,  7 )  with t h e  results of these s o l a r  
c e l l  degradation r a t e  measurements ind ica tes  a film deposit ion r a t e  
o f  about 13 monolayers pe r  hour, 
A s  a check, ca lcu la t ions  o f  sput te red  g r id  mater ia l  a r r i v a l  r a t e  a t  
t h e  experimental loca t ions  were made, assuming a g r i d  erosion r a t e  of 
1 atom per incident  charge exchange ion. I n  reference 8, a charge 
exchange ion current  of  0,00327 times t h e  primary i o n  cur ren t  was 
calculated f o r  charge exchange ions which would be expected t o  reach 
t h e  acce lera tor  g r id  ( ca l l ed  Group 3 ions i n  ref. 8). The a r r i v a l  r a t e  
a t  t h e  experimental c e l l  of sput tered g r id  mater ia l  was ca lcu la ted  
herein from t h e  r e l a t ion ,  
= F  = F  
where 
a r r i v a l  r a t e ,  monolayers per  hour 
emission r a t  e, I t  I1  11 
current ,  A 
t h r u s t e r  cross-section area,  cm 
monolayer concentration, (1 monolayer 
1,6x10”19 coulombs per  un i t  charge 
2 
1.6dO’’ atoms/cm2 
view f a c t o r  f o r  cosine d i s t r ibu t ion  from t h r u s t e r  e x i t  
t o  s o l a r  c e l l  locat ion,  function of L/R (see t a b l e  i n  t ex t )  
f r a c t i o n  of primary ion current  converted t o  charge exchange 
cur ren t  
5 
Tor t h e  SERT I1 design values o f  A, = 177 cm2, 
f = 0.00327 and 
of sput tered g r id  mater ia l  i s  about 
I n  an independent check, a ca lcu la t ion  was made based on 
measured gr id  erosion from a 1000 hour t es t  of a SFRT I1 type 
thrus te r .  
from a u n i t  o f  area of about 0.0877 cm 
an equivalent sput te r ing  r a t e  of  about 36 monolqyers per hour. 
Applying t h e  view fac to r  of 0,025 gives an expected a r r i v a l  r a t e  
of sput tered g r i d  mater ia l  a t  the  experimental s o l a r  panels of 
t h e  SEW 11 contamination experiment of about 0,9 monolayers per  
hour, 
I = 0.25 A ,  
/ u 9  
F = 0.025, t h e  calculated a r r i v a l  r a t e ,  
monolayers per  hour. 
The volume of  mater ia l  sput te red  was about 8 ~ 1 0 ” ~  cm3 
2 These numbers y i e ld  
-
The foregoing experimental results and ca lcu la t ions  s t rongly  
ind ica te  t h a t  sput tered material  from t h e  acce lera tor  g r id  i s  
a r r iv ing  a t  and s t ick ing  on the  c e l l  coverplate. 
A s  compared w i t h  t he  SERT I1 t h rus t e r ,  t h e  1.5 rn t h r u s t e r  
operated a t  lower propel lant  u t i l i a a t i o n  e f f ic iency  and lower beam 
current  density,  These differences were compensating i n  terms o f  
r e l a t ions  f o r  charge exchange ion production r a t e s  a s  given i n  
reference 8. 
was t o  y i e l d  an estimated a r r i v a l  r a t e  of  sput tered g r i d  mater ia l  
t o  t he  tes t  cel ls  i n  t h i s  experiment of  about I_ 1.0 monolayers pe r  
The net e f f e c t  of t h e  d i f f e ren t  operating conditions 
hour compared wi th  t h e  values o f  from 0,9 t o  1,5 calculated f o r  
t h e  SEFMe I1 e x p e r h e  
6 
Thus, it is c l e a r  t ha t  sputtered gr id  material  a r r iv ing  a t  
downstream surfaces may present a po ten t ia l  spacecraft  design 
problem independent, of  t h e  e f f ec t s  of  mercurys 
e f f ec t  on so la r  c e l l s ,  f igure  h shows the  typ ica l  i n t ens i ty  
var ia t ion  and surface resis tance var ia t ion with time found i n  
t he  present experiment. 
ant ic ipated t o  pose a problem i n  t h e  forthcoming SERT 11 so la r  
c e l l  contamination experiment. 
t o  compare t h e  f l i g h t  experiment r e s u l t s  with t h e  in tens i ty  
var ia t ion curve of f igure  4. 
I n  terms of  the  
Condensed mercury propellant is not 
It w i l l  be in te res t ing  though 
REFERENCES 
1. Reynolds, Thaine W.; and Richley, Edward A.: Propellant Con- 
densation on Surfaces N e a r  an Elec t r ic  Rocket Exhaust. Paper 
69-270, AIAA, Mar. 1969. 
2. H a l l ,  David F.; Newman, Brian E.; and Womack, James R.: Elec- 
t r o s t a t i c  Rocket Exhaust Effects  on Solar-Electric Spacecraft 
Subsystems. Paper 69-271, AIAA, Mar. 1969. 
3. Kerslake, W i l l i a m  R.; Byers, David C.; and Staggs, John F.: 
SERT I1 Experimental Thrustor System. Paper 67-700, AIAA, 
Sept. 1967. 
4. Nakanishi, S. ; and Pawlik, E. V. : Experimental Investigation of 
a 1.5-meter Diameter Kau- Thrustor. Paper 67-725, AIAA, 
Sept. 1967. 
5. Kerslake, W i l l i a m  R e :  Charge-Bchange Effects on t h e  Accelerator 
Impingement of an Electron-Bombardment Ion Rocket. NASA TN 
D-1657, 1963. 
. 
7 
6. Mayer, H.: Recent De-felopments i n  Conduction Phenomena in Thin Metal 
Films. Structure and Properties of Thin Films. C. D. Neugebauer, 
J. B. Newkirk, and D. A. Vermilyea, eds., John Wiley & Sons, Inc., 
1959, pp. 225-252. 
7. Holland, L.: Vacuum Deposition of Thin Films. John Wiley & Sons, 
Inc., 1956, pp. 245, 323. 
8. Staggs, John F.; G u l a ,  W i l l i a m  P.; and Kecslake, W i l l i a m  R.: The 
Distribution of Neutral Atoms and Charge-Exchange Ions Downstream 
of an Ion Thrustor. Paper 67-82, AIM, Jan. 12367. 
7.6 m dia. vacuum chamber 
Lamp 
Solar c e l l  experiment 
=Primary i& beam direct iFn 
.s m dia. t h rus t e r  
Fig. 1.- Schematic of s o l a r  c e l l  experiment arrangement 
i n  l a rge  vacuum chamber. 
Fig,  2,- Ekperimen-tal s o l a r  panels, 
3... SERT I1 spacecraft and support unit, 
3 0
PJ 
0 
t2 
1" 
rn 
lo6 
16 
104 
1.6 
.8 
.6 
04 
0 8 12 16 
Thruster operat 
Fig. 4.- Variatfo 
